The BIOLINE Salmonella ELISA Test for Salmonella spp., which is a rapid, easy, and convenient assay was evaluated for use in detecting Salmonella in foods and feeds. Each food matrix or feed was artificially contaminated with low levels of Salmonella. Twenty different matrixes were studied and 20 different Salmonella strains from a broad variety of serogroups (B, C, D, E, F, G, H, I, M, O, P, and U) were used. The ELISA Test kit detected levels as low as 1 cfu/25 g sample with at least 4 of the 20 matrixes tested. The test kit is applicable to all sample types tested. The BIOLINE Salmonella ELISA Test kit has been granted AOAC-RI performance tested status.
T he detection of Salmonella in food and feed using conventional techniques is a process that takes 3-5 days. Approaches to decrease the detection time have included shortening both the enrichment phase and the detection phase. However, most attempts to shorten the enrichment phase have not led to significantly shortened enrichment protocols of any of the standard methods such as the FDA Bacteriological Analytical Manual (BAM), International Standards Organization (ISO), and the Nordic Committee on Food Analysis (NMKL). Attempts to shorten the detection phase using specific antibodies or specific DNA techniques have been more successful (1) . Most fast detection methods have not been approved or even validated. Those approved have only been adopted on a limited scale due to significantly higher costs, limited usability on difficult matrixes, and questionable advantages.
The BIOLINE Salmonella ELISA Test 96 is an ELISA test kit for determining the presence of Salmonella in foods. The kit is optimized for all sample types with a simple, efficient, and reliable enrichment protocol for Salmonella, which requires only 1 preenrichment and 1 selective enrichment step. Samples from the selective enrichment buffer are processed with reagents provided by the BIOLINE Salmonella ELISA Test 96 kit. Antibody-coated wells capture the Salmonella flagellar proteins, which are then exposed to an enzyme-conjugated antibody followed by substrate after unbound conjugate is removed. The color of the substrate turns blue in the presence of bound enzyme, thereby signaling the presence of Salmonella flagellar proteins. The enzyme colorimetric reaction is stopped by adding dilute sulfuric acid.
The purpose of this trial was to evaluate the BIOLINE Salmonella ELISA Test 96 against the BAM method in accordance with the validation requirements of the AOAC Research Institute. The BIOLINE Salmonella ELISA Test uses a standard ELISA format with dividable microtiter strips. All reagents are liquid, stable for 1 year, and ready to use, and the protocol may be adopted on any automatic platform compatible with standard ELISA format. Manually, more than 500 ELISA samples per day may be processed, and automating may process 2000 ELISA samples a day. The results may be obtained after 36 h, and are at least as reliable as the reference protocol used (2).
Experimental

Media
The media and components were purchased from Oxoid, Ltd., Basingstoke, Hampshire, UK; Difco Laboratories, Ltd., West Molesey, Surrey, UK; BDH/Merck, Merck, Ltd., Poole, Dorset, UK; Mast Diagnostic, Bootle, Merseyside, UK; bioMeriéux UK, Ltd., Basingstoke, Hampshire, UK.
The following media were used for the BAM method and for confirmation of positive isolates: lactose broth (LB), 
Bacterial Strains
Strains used in the comparative study and the exclusivity study are listed in Tables 1 and 2 , respectively. Cultures were kept on nutrient agar slopes at 4EC and were subcultured to fresh slopes monthly.
Artificial Inoculation of Salmonella Strains into Food Matrixes
Depending on the food type, 1 of 4 procedures was used to inoculate the food matrixes with the Salmonella strains. Animal feed, cheese, dried whole eggs, macaroni, cake mix, milk powder, soy flour, dried yeast, and milk chocolate were each artificially inoculated with the serovars listed in Table 1 . For these samples the Salmonella strain was inoculated into 10 mL BPW and incubated at 37EC for 20-24 h. This mixture was added to sterile solution of milk, prepared by adding 25 g milk powder to 225 mL BPW. These cultures were incubated at 37EC for 20-24 h, after which 15-20 mL were added to several sterile Petri dishes. The Petri dishes were stored at -80EC for 6-24 h, and were then freeze-dried in an Edwards Modulyo 4K freeze dryer for 24 h, according to the manufacturer's instructions (Edwards High Vacuum International, Crawley, West Sussex, UK). The contaminated dried milk powders were stored in a desiccator. Prior to inoculation, each of the freeze-dried cultures was ground to a fine powder with a pestle and mortar.
Coconut, black peppercorns, and onion powder were artificially inoculated with the serovars designated in Table 1 . For these samples, the Salmonella strain was inoculated into 10 mL BPW, incubated at 37EC for 20-24 h, and then added to 25 g of each product in 225 mL BPW. Because these food products do not dissolve, the inoculated suspended products were mixed thoroughly by swirling and incubated at 37EC for 20-24 h. The excess supernatant fluid was removed with a sterile 10 mL graduated pipet, and the contaminated sediment (food product) was transferred to a suspension of the food product prepared by adding 25 g of each product to 225 mL BPW. These cultures were incubated at 37EC for 20-24 h; the excess liquid was then carefully removed. The remaining contaminated food product was transferred to several sterile Petri dishes to give a layer of not more than 10 mm of food substrate. The Petri dishes were stored at -80EC for 6-24 h, and then freeze-dried for 24 h. The contaminated food products were stored in a desiccator.
A sample of each of the freeze-dried Salmonella cultures, in the various food matrixes, was then used to determine the number of viable organisms. This number was used to determine the dilution needed to obtain inoculum levels of ca 1-10 cfu/25 g food matrix. The contaminated dried milk BOLTON powder samples and the contaminated food products were diluted in the appropriate food matrix as a dried mix. These mixtures were stored in air-tight containers at ambient temperature for 2-3 weeks before testing.
The high moisture food products, fish, raw chicken, pork sausage, raw ground beef, shrimp, and frog legs were artificially inoculated with the Salmonella strains designated in Table 1. The Salmonella strain was grown in BPW at 37EC overnight. The number of viable organisms per gram of each of the freeze-dried, contaminated food products was determined by inoculating plates of nutrient agar (Oxoid) with a spiral plater (Don Whitley Scientific Ltd., Shipley, West Yorkshire, UK) and incubating them at 37EC for 24 h. The cultures were stored overnight at 4EC and then diluted to 4-40 cfu/mL; 1 mL was added to 10 sublots of 100 g food product. Each inoculated sublot was mixed, and all sublots were combined and mixed again. This constituted the artificially inoculated sample which was stored at 4EC for 2-3 days before testing.
Peanut butter was artificially inoculated with the Salmonella strain designated in Table 1 . The Salmonella strain was grown in BPW at 37EC overnight and the viable count was determined. The culture was stored overnight at 4EC and then diluted to 4-40 cfu/mL in BPW containing 15% glycerol, and 1 mL was added to sublots of 100 g peanut butter. Each inoculated sublot was mixed, and all sublots were combined and mixed again. This constituted the artificially inoculated sample which was stored at ambient temperature for 2-3 weeks before testing.
Comparative Study
Procedure
Ten replicates of each artificially inoculated food sample and 2 negative control samples were tested by the BAM method and the BIOLINE Salmonella immunoassay method according to the protocol set by the AOAC-RI. The actual count of each Salmonella strain in each of the contaminated food matrixes was determined on the day of testing by a most probable number (MPN) technique. The MPN method was performed by adding 3 × 100 g food product to each of 3 × 900 mL BPW, 3 × 10 g to each 90 mL BPW, 3 × 1 g to each of 3 × 9 mL BPW, and 3 × 1 mL of a 1:10 dilution to each of 3 × 9 mL BPW. These preenrichment cultures were incubated at 35EC for 24 h and then inoculated into enrichment broths, subcultured, and confirmed by the BAM protocol.
BAM Salmonella Method
Briefly, the BAM method (3) requires that 25 g product is preenriched in a nonselective broth, which is dependent on the different food types (Table 2 ). These preenrichment cultures were incubated for 24 ± 2 h at 35EC. The specified selective enrichment broths were incubated for 24 ± 2 h at 35°C. These selective enrichment cultures were then subcultured to XLD, HE, and BS agars, which were incubated at 35EC for 24 ± 2 h. From each set of cultures, up to 6 presumptive colonies were confirmed by the serological and biochemical methods specified in the BAM protocol and further confirmed with the API 20E kit. 
BIOLINE Immunoassay Method
(a) Sample preparation.-Tests on 10 replicates of each spiked food sample and 2 negative control samples were performed according to the instructions of Salmonella ELISA Kit from BIOLINE (Vejle, Denmark). A 25 g portion of the sample was homogenized in 225 mL BPW and incubated at 37EC for 16-24 h; 0.1 mL of the culture was then added to 10 mL RVS broth, which was incubated at 42°C for 20-22 h. About 3 mL of the RVS broth cultures were boiled for 15-20 min and allowed to cool to room temperature.
(b) Immunoassay.-From each boiled RVS culture, 100 µL was dispensed into microtiter wells of the BIOLINE ELISA test kit. A positive control, a negative control, and a blank were included with each batch of tests. The microtiter wells were covered with plastic adhesive film and incubated at 37EC for 30 min. Unbound material was removed by washing the microtiter plates 5-7 times with the dilute washing buffer. A 100 µL portion of Salmonella antibody-horseradish peroxidase conjugate was dispensed into all test and control wells except the blank. The microtiter wells were covered with plastic adhesive film and incubated at 37EC for 30 min. The microtiter plates were washed 5-7 times with diluted washing buffer, and then 100 µL monocomponent tetramethyl benzidine (TMB) substrate was added to all wells. After 15 min incubation at room temperature, the enzyme reaction was stopped by adding 100 µL 0.2M sulfuric acid stop solution to each well. The optical densities of the microtiter plates were read on a microtiter plate reader (Bio-Rad, Hercules, CA, Model 3550) set at a wavelength of 450 nm. All positive results, i.e., absorbance readings > 0.200 were confirmed by the BAM confirmation method (Table 2) .
Exclusivity Study
Twenty cultures of non-Salmonella organisms (Table 3) were grown in BPW at 37EC overnight and 10-fold serial dilutions were prepared from 10 -1 to 10 -5 in 10 mL BPW. The viable counts were determined by a surface counting method using a spiral plater. The ELISA tests were performed directly in duplicate on all dilutions.
Statistical Analysis
Overall results were analyzed by the SAS logistic regression; individual food/inoculum results were determined by the SAS Fisher extract test (SAS, Cary, NC). Table 1 shows the overall results of the inoculation of 20 different serotypes into 20 different food and feed matrixes. The inoculation count was determined by MPN/25 g and was, in most cases, low. With inclusion of the repeat experiment for animal feed with higher inoculation levels, the BAM method indicated 178 presumptive positives, but only 160 were verified by culture. The BIOLINE Salmonella ELISA Test indicated 173 presumptive positives, with 168 verified by culture. Thus a statistically significant 4.8% more culturally verified positive samples were found by the BIOLINE immunoassay. But this difference disappeared if the fish results were omitted. The only food demonstrating a statistically significant difference between the 2 methods was fish. Five immunoassay-positive samples were not verified by culture. The 5 samples yielded high absorbances in the range of 1.000-2.000, strongly indicating that the 5 samples were likely true positives, but they were not culturally verified for unknown reasons. Because a second reculturing was not performed in this study, it is not possible to know the true status of these 5 samples. Studies at BIOLINE and trial laboratories on human fecal samples (to be published) have shown better sensitivities than the culture method when ELISA-positive, but culture-negative, samples were recultured.
Results and Discussion
Surprisingly, the BAM reference method did not find any positives for the fish samples. The experiment was repeated for this matrix with identical negative results of the BAM method. The same reagents and enrichment media were used for other food items, ruling out the possibility of errors in the preparation of the media.
The experiment with frog legs had to be repeated because the uninoculated samples showed significant positive response with the BIOLINE Salmonella ELISA Test and subsequently was culturally confirmed as positive.
Twenty strains from the Enterobacteriaceae group were tested from pure cultures in the range of 10 6 -10 7 cfu/mL. None of the tested strains gave absorbances above the cutoff range, indicating positivity of the samples (Table 3 ). The BIOLINE Salmonella ELISA Test is designed to work with samples enriched in BPW and subsequently in Rappaport-Vassiliadis selective buffer. Salmonella will actively grow in Rappaport-Vassiliadis buffer, whereas the growth of other Enterobacteriaceae will be strongly inhibited in this buffer.
The test kit is designed to react with flagellar proteins. The reaction pattern is thus not dependent on the serogroup but solely on the presence of flagellar proteins. Under specified conditions, the BIOLINE Salmonella ELISA Test yielded very high and significant absorbances in the range of 100-fold higher than typical negative values and significantly higher than the specified cutoff value of 0.200 (data not presented). This made the test easy and reliable to interpret.
